of the main manuscript. Top: intensity images for the olfactory bulb brain sections from a young and old mouse. This is followed by the epsilon histograms for all pixels in the image, magenta segmented areas and blue segmented areas. As it can be seen both globally and locally, the epsilon values for the old mouse are significantly larger than those for the young mouse.
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Supplementary Figure 10| Distributions and correlation between intensity and energy funneling efficiency for Figure 4 -a of the main manuscript. Left: intensity and ε for overview images of the accessory olfactory bulbs (AOB) of an old mouse showing high expression of α-syn-GFP. Higher magnification images on the lower panel. The signal is generated by fluorescence of α-syn-GFP. Right: Correlation density map and normalized histograms. Color bar of the correlation plot, and intensity axis follow a logarithmic scale, while the ε axis follows a linear scale.
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Supplementary Figure 11| Distributions and correlation between intensity and energy funneling efficiency for Figure 4 -b of the main manuscript. Left: intensity and ε for overview images of the accessory olfactory bulbs (AOB) of an old mouse showing high expression of α-syn-GFP. Higher magnification images on the lower panel. The signal is generated by fluorescence of α-syn-GFP. Right: Correlation density map and normalized histograms. Color bar of the correlation plot, and intensity axis follow a logarithmic scale, while the ε axis follows a linear scale.
SI 9
Supplementary Figure 12| Distributions and correlation between intensity and energy funneling efficiency for Figure 4 -c of the main manuscript. Left: intensity and ε for overview images of the accessory olfactory bulbs (AOB) of a young mouse showing high expression of α-syn-GFP. Higher magnification images on the lower panel. The signal is generated by fluorescence of α-syn-GFP. Right: Correlation density map and normalized histograms. Color bar of the correlation plot, and intensity axis follow a logarithmic scale, while the ε axis follows a linear scale.
SI 10
Supplementary Figure 13| Distributions and correlation between intensity and energy funneling efficiency for Figure 4 -d of the main manuscript. Left: intensity and ε for overview images of the accessory olfactory bulbs (AOB) of a young mouse showing high expression of α-syn-GFP. Higher magnification images on the lower panel. The signal is generated by fluorescence of α-syn-GFP. Right: Correlation density map and normalized histograms. Color bar of the correlation plot, and intensity axis follow a logarithmic scale, while the ε axis follows a linear scale.
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Supplementary Figure 14| 2D POLIM images and histograms for conjugated polymer pristine film. This film possesses an inhomogeneous structure in terms of the chain orientation at the scale of tens of micrometers, which can be seen as pronounced structures in the Mex and Mem images. It is known from previous studies that the energy transfer efficiency within pristine conjugated polymer films is very high. 1 In accordance to this, the energy funneling parameter (epsilon) is large and shows only slight variation across the film (from 0.55 to 0.66, mean  = 0.615, std = 0.016, coefficient of variation = 2.7%). On the other hand, due to preferential orientation of the polymer chains at the micro-scale, the variation in the fluorescence anisotropy (r) over the film is much more substantial (from 0.1 to 0.45, mean r = 0.302, std = 0.058, coefficient of variation = 20%). r exactly follows the structures observed in M ex and M em images.
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Supplementary Figure Supplementary Figure 16| Electron micrographs of α-syn fibrils and oligomers. Transmission electron images of negatively stained fibrillary (left panel) and oligomeric (right panel) α-synuclein used throughout this work. α-synuclein assemblies in PBS were adsorbed on carbon-coated 200 mesh grids and negatively stained with 1% uranyl acetate. The assemblies were imaged in a Jeol 1400 transmission electron microscope. The images were recorded with a Gatan Orius CCD camera (Gatan). Scale bar is 200 nanometers in length.
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Supplementary Tables   Supplementary Table 1 : Statistical descriptors of the energy funneling distributions for the data displayed on Figure 2 of the main manuscript. Two-dimensional Polarization Imaging (2D POLIM) can be seen as a further development of the fluorescence anisotropy and linear dichroism experiments. Its purpose is to characterize the correlation between the direction of the linearly polarized excitation light (direction of the exciting electric field in the sample plane) and the polarization of the resulting emission from the sample. Such information can be used to obtain information about: a) Relative orientation of the absorbing and emitting dipole transitions, which in many cases can then be related to the physical structure of the object under study. b) Excitation energy transfer (EET) processes, in particular this is one of the few methods sensitive to EET between energetically/spectrally similar chromophores, so-called homo-FRET.
Sample

Polarization portrait
In essence, 2D POLIM measures, in a wide-field configuration, the fluorescence intensity of the sample, , as a function of the excitation polarization angle ex and the orientation of the polarization analyzer em . Experimentally, the sample is excited by linearly polarized light having its electric field parallel to the imaging plane, and at orientation (angular position) ex . The fluorescence intensity is measured through an analyzer with transmission axis at angular position em .
 Therefore, the fluorescence intensity measured for each pixel in the imaging plane is a two-dimensional function, ( ex , em ), called polarization portrait.
Modulation depth, modulation phase and luminescence phase shift Integration of the polarization portrait over the excitation, ex , or emission, em , angle yields a one-dimensional function containing the modulation depth and modulation phase for fluorescence emission, em and em , or excitation, ex and ex , respectively:
Eq. 1
where, ̅ is the average intensity value. ex and em describe the degree of orientation of the transition dipole moments, having values between 0 and 1, where 0 corresponds to an isotropic absorber/emitter (e.g. free rotating fluorescent labels in solution), and 1 corresponds to a linearly polarized absorber/emitter (e.g. single fluorescent label with fixed orientation). The modulation phases ex and em determine the angle of the main orientation axes of fluorescence excitation and emission, respectively.
The difference between the fluorescence excitation and emission modulation phases receives the name of luminescence phase shift:
Eq. 3 and indicates the presence of EET when its value is different from 0.
 Note that both and are measured relative to the same axis, so-called laboratory axis.
Fluorescence anisotropy
Within the framework of the polarization portrait, the fluorescence anisotropy, :
is calculated from two points of the 2D surface, namely:
Eq. 5
where, is an arbitrarily chosen excitation polarization angle, which is often vertical in the laboratory coordinate framework. This yields the following expression of r:
Eq. 7
Note that because the angle is arbitrarily chosen the fluorescence anisotropy is uniquely defined only for isotropically absorbing samples ( ex = 0). If this condition is not met, then the value of will depend on -the chosen excitation polarization direction. See Supplementary Figure 1 As discussed in the main manuscript, for an isotropic sample, ex = 0, the fluorescence anisotropy is independent of the reference excitation angle, . With increasing degree of alignment there is an increasing dependence of the anisotropy on . Note that even for a very small degree of alignment, ex = 0.1, the anisotropy values vary significantly enough (0.33 ≤ 0.1 ≤ 0.44) to be detected experimentally and, thus, lead to imaging artifacts. This is because, for such oriented samples, the anisotropy value becomes a function of both local sample orientation and local EET efficiency. In such situations 2D POLIM will be preferable as the alignment/orientation and EET effects are effectively separated and displayed in different imaging contrasts. Local EET variations will appear in the energy funneling image, while local alignment/orientation variations will appear in the modulation depth and modulation phase images. For an experimental example see Supplementary Discussion -Fluorescence anisotropy vs energy funneling, experimental comparison.
Energy funneling efficiency -ε
Now the question is how we can extract an EET metric from the polarization portrait. Here we provide a short explanation while the full description can be found in the literature. [2] [3] [4] [5] The single funnel approximation (SFA) is a methodology used to characterize the so-called light harvesting (or energy funneling) properties of materials. The principle behind the SFA is to express SI 17 the polarization portrait as a linear combination of two components having a clear physical meaning: A-no energy transfer, B-energy transfer:
The no energy transfer part of the luminescence signal -A-possesses the properties of an ensemble of non-rotating chromophores without energy transfer between them. Namely 100% photoselection, meaning that the polarization properties of the emission from A are dependent on the excitation polarization direction. For example, if the ensemble of chromophores giving rise to signal A absorbed light isotropically, then the fluorescence anisotropy of its luminescence would be 0.4.
The energy transfer component -B-, to the contrary, does not possess any photoselection. The polarization properties of the light coming from B are independent from the excitation polarization.
Before we go more to the mathematical description of the parameter epsilon, let us discuss the analogy of the SFA to the situation of hetero-FRET when the emission from the donors and acceptors can be measured separately due to the spectral shift between their emission. In this case the full luminescence intensity is a sum of the emission from the donors and acceptors:
where, is the energy transfer efficiency from donors to acceptors.
As one can see, the two equations above (8 and 9) are exactly the same. The only difference is that in the case of homo-FRET we are not able to separate donors and acceptors by their spectra, and we need to do it by their polarization properties using photoselection. Therefore, if we would measure a sample with hetero-FRET (only hereto-FRET; no energy transfer between donors is allowed), the epsilon would be equal to the contribution of the acceptor emission to the total fluorescence.
In layman's terms, the SFA assumes that each measured chromophore transfers fraction of their total excitations to an EET-emitter, while (1 − ) remains at the initially excited chromophores (Supplementary Figure 3) . The EET-emitter is the energy acceptor of the system, which sometimes is referred to as the tip of the energy transfer funnel. This EET-emitter consists of a common pool of emissive states and is coupled to all absorbing states, directly or indirectly  , via EET processes. Therefore, is called the energy funneling efficiency. It can be shown that such assumptions lead to the following master equations: where, the fluorescence emission of the EET-emitter has modulation depth f and orientation f , and an unknown and complex N-dipole system (e.g. many fluorescent labels) is represented by a new group of ̂ standard dipoles with equal fluorescence excitation cross section  . For a pictogram describing the single funnel approximation see Supplementary Figure 3 .
It is very important to note that the EET-emitter can consist of more than one dipole transition. To better illustrate this point, consider the following two examples:
 by indirectly we meant that a transition dipole can be coupled to the EET-emitter via complex multistep energy transfer processes.  fluorescence excitation cross section: absorption cross section times the fluorescence quantum yield 1) Imagine the presence of a FRET antenna where a single red-absorbing label is used to attract the energy absorbed by a group of green-absorbing (red-fluorescent) probes. In an ideal case, the red-absorbing label will work as a common emitting site regardless of the initial location of the excited state in the probe system. Such EET-emitter would then be linearly polarized ( f = 1) and having an orientation f equal to the orientation of the red-absorbing dipole. 2) Imagine the presence of a group of strongly coupled dipoles, such as in the case of closely packed fluorescent labels. For simplicity, assume that the coupling is such that once energy is absorbed by a member of the group this energy is freely transferred to any member of the group with large efficiency and equal probability. The result of such EET is that the whole group works as a common pool of emissive states, which will be responsible for the fluorescence of the group even in the extreme case when we selectively excite a single member of the group. Therefore, f and f solely depend on the relative orientation of the dipoles within the group. While the equations above are very general, they are still not defined enough to enable the computation of via the fitting of an experimental polarization portrait. To do this we must specify the number of standard dipoles assumed (̂) and introduce some geometrical constrains to such system. 3, 5 Once this is done, and using a so called 3-dipole-model we obtain: where, ex and ex are determined via integration of the polarization portrait as explained above. , Γ, f , f and are the variables to be fitted via a minimization algorithm. and Γ represent geometrical constrains to the 3 standard dipoles used to simplify equations 10 and 11. They have the following properties:
Eq. 14 0 ≤ ≤ 2 (1 + ex ) 1 − ex
Eq. 15
Supplementary Discussion
Supplementary Discussion 1| Correlation between fluorescence intensity and energy funneling
As mentioned in the main manuscript, the standard approach to visualize protein aggregation is to selectively label the proteins of interest with a fluorescent marker, followed by fluorescence imaging of the regions of interest, and then considering bright areas in the images as indication of aggregation. While useful and conceptually correct, this criterion is ambiguous as it cannot distinguish between high protein expression and aggregates (densely packed proteins at scale <10 nm). This ambiguity can lead to the erroneous assignment of the aggregated/non-aggregated status. As an alternative to improve the analysis of fluorescent images we suggest the use of 2D POLIM, whose FRET metric -ε -is, strictly speaking, independent of the total fluorescence intensity. Note, however, that this does not mean that there should not be any correlation between ε and fluorescence intensity (i.e. correlation but no causation). This correlation, if exists, is generated by the relationship between inter label distance (density, Supplementary Figure 4) and the fluorescence intensity.
Simple theoretical model
Supplementary Figure 4 shows that in a simple model without concentration quenching, ε and intensity are correlated in the regime where energy transfer starts to take place. This means that an intensity-based criterion can indeed work when the aggregation is strong and concentration quenching is absent. However, it also shows that for relatively low label densities increasing of their concentration, although obviously leading to higher fluorescence intensity, does not lead to any substantial change of ε. So, for "low" density of labels (no aggregation) high brightness cannot be used as reliable criteria for real aggregation.
Experimental examples
Here, we discuss the correlation between fluorescence intensity and energy funneling for all the 2D POLIM images presented in the main manuscript. As can be seen in the Supplementary Figures 5-13 , there is a strong correlation between the recorded fluorescence intensity and the obtained ε parameter. This correlation is very clear, for example, in Supplementary Figures 5-6 , and the bottom correlation plot of Supplementary Figure 12 -13. Therefore, as expected by the simple theoretical model discussed before, there is a larger probability of having large ε values if the fluorescence intensity is large. Note that the images showing clear correlation belong to the samples where the aggregation of the labeled protein is not very strong (i.e. monomeric α-syn in cells and α-syn in brain sections of young mice). What we observe here is that accumulation of the labels in local structures brings some of them at a distance comparable with the Förster radius leading to some extent of energy transfer. This is in line with the situation illustrated in Supplementary Figures 4 and Figure 1 of the main manuscript.
However, there are many instances where this simple correlation does not hold, even for the same micrometer scale area of the sample. For clear examples see Supplementary Figures 6, 10 and 11 where objects of small fluorescence intensity can have very large ε values. This illustrates how the 2D POLIM methodology allows improving the detection of aggregation beyond the traditional fluorescence intensity-based methodology.
One of the possible reasons for anticorrelation between intensity and FRET is concentration quenching, which makes a dense aggregate less bright than a low-density cluster of the same number of labels. Even without concentration quenching, a low-density object smaller than the microscope's resolution (500 nm) can be much brighter than, say, a small dense aggregate containing ten times less labels. Both objects will appear as diffraction limited spots (one bight and one dim) and only the dim spot (dense) will have large energy funneling efficiency.
Supplementary Discussion 2| Comparison between preformed fibrils and monomers of α-syn A quantitative comparison (Supplementary Table 1 ) between the energy funneling distributions of the monomer and fibril samples clearly shows that fibrils present significantly larger ε values (0.65±0.08) than the monomers (0.2±0.1). The correlation plots between fluorescence intensity and ε (Supplementary Figures 5-6 ) demonstrate that for larger intensity values there is a larger probability of having large ε values. Interestingly, for both fibrils and monomers the ε distributions are far from normally distributed, and there are clear cases of anti-correlation between fluorescence intensity and ε values for the fibrils. The later indicates that not all fibrils are packed with equal density and that larger intensity values do not directly indicate more densely packed fibrils but can also easily arise from locally larger concentration (accumulation) of the fibrils. To the contrary, low intensity regions showing high ε values probably arise from dense aggregates with low fluorescence yield due to concentration quenching. The epsilon distribution for the monomer reports on small changes on the distance between monomeric α-syn at scales < 10 nm. It is quite remarkable that while the fluorescence intensity values span over more than one decade, the ε distribution has a relatively narrow distribution.
Supplementary Discussion 3| Changes in epsilon (aggregation) with mouse age To test the effect of age (independent variable) in the observed epsilon values we employ a Person's test of independence on the epsilon distributions for old and young mouse ( Figure 3 of the main manuscript). The reason for choosing the Pearson's test is that we do not have to assume any knowledge about the underlaying distributions. As presented in Supplementary Figure 9 and Supplementary Table 3, the test clearly shows that the epsilon distributions for the young and old mice are different, being larger for the older mouse. For the 3 comparisons done, namely all pixels and 2 sub-regions, the p-value of the test was always smaller than 0.001.
Higher magnification images of the accessory olfactory bulb (AOB) were obtained to investigate the differences between the aggregation pattern of young and old mice. As can be seen from Supplementary Figures 10-13 , not only the overall value of the ε distribution becomes larger for the older mice, but also there are strong deviations from the intensity-ε correlation for the older mice, which are not clearly visible in the younger mice.
Supplementary Discussion 4| Fluorescence anisotropy vs energy funneling, experimental comparison
Here we discuss how the fluorescence anisotropy (FA) reports not only about variations in FRET but also on changes in the orientation/organization of the dipoles in the sample, while the energy funneling efficiency parameter  demonstrates a much better-defined energy transfer sensitivity. This statement is illustrated by the data presented in Supplementary Figures 14 and 15 .
Pristine films of conjugated polymers prepared as explained in Supplementary Methods result in films of uniform thickness, where the closely packed polymer chains are oriented to some degree at the micro scale (see small Mex domains in Supplementary Figure 14) . Due to these changes in orientation/organization the FA becomes an unreliable FRET reporter, as it cannot disentangle the SI 21
contributions from orientation and energy-transfer to the final FA value (Supplementary Figure 15, note the very different scale of FA and  variations). On the other hand,  remains large and fairly uniform as a result of the large and uniform energy transfer efficiency presented in the films, which has been predicted theoretically and demonstrated via numerous methods. 1 Supplementary Discussion 5| Extra comments about homo-FRET simulations
In the main manuscript we discuss the influence of dimers (two chromophores located within the Förster radius) on the observed energy funneling parameter from an ensemble of chromophores containing a certain fraction of dimers. We mention that if there is a preferential collinearity between the two chromophores comprising the dimers, then the energy funneling increase due to the presence of dimers would be smaller than that presented in Figure 1 -b of the main manuscript where no collinearity is assumed. The reasons behind this effect, while not trivial, are presented only here to help the readability of the main manuscript.
Let us consider the case where dimers are very far away from each other (right hand side of Figure  1 -b of the main manuscript). In the case of preferential collinearity, the increase (anisotropy drop) will be smaller than that presented in the main manuscript where there is no correlation between the orientation of the chromophores in the dimer. Due to the extremely efficient energy transfer that occurs within a dimer, no matter which of the two chromophores is excited the energy will always be emitted with equal probability from any of them. Moreover, because 2D POLIM is a polarizationbased measurement, it is only sensitive to EET that occurs between differently oriented dipoles. Any transfer between collinear dipoles cannot be assessed and, thus, it would be interpreted as a no-EET signal. Therefore, the increased collinearity between the chromophores of the dimer increases the amount of no-EET like signatures in bulk measurements, which then decreases the overall value. (PNDI-T) was prepared by spin casting at 1000 rpm of 12.5mg/ml solution in chloroform on 0.17 mm thick microscope cover slip. This resulted in 150 nm film thickness. 7 Supplementary References:
Supplementary Methods
